Electronic structure and chemical bonding in TiX 2 (X=S, Se, Te), TM x TiSe 2 (TM=Cr, Mn, Cu) and Cr x Ti 1−x Se 2 were studied by x-ray resonance photoemission and absorption spectroscopy. These methods are detected to be strong sensitive to chemical bonding. Charge transfer from the intercalated atoms to Ti 3d band is detected. Narrow Ti 3d and Cu 3d bands are observed under Fermi level in Cu x TiSe 2 .
I. INTRODUCTION
Transition Metals Dichalcogenides (TMDC's) and their intercalates TM x TMDC consist of composite layers of X-Ti-X (X-chalcogen) sticked to each other through weak van der Waals forces interacting along the (0001) plane of crystal. In this paper we discuss the formation of electronic structure of the most interesting representatives of TMDC's: intercalates 1T-TM x TiSe 2 (TM = Cr, Cu) and substitution compounds Cr 1−x Ti x Se 2 . (Fig. 1 ).
Single crystals of compounds 1T-Cr x TiSe 2 , 1T-Cr 1−x TixSe 2 1T-Mn x TiSe 2 and 1T-Cu x TiSe 2 with concentration of Cu above of 0.11 mol.%, were synthesized for the first time. X-ray photoelectron spectra (XPS) of core levels, the resonant valence band spectra (RXPS), and X-ray Ti L 2,3 absorption spectra (XAS) have been studied.
In CrSe 2 half-metallic density Cr 3d states with large spin polarization [1] into the lattice [2] . Results of our previous studies had already shown the presence of strong spin-polarization of Cr 3d states for the Cr x TiSe 2 [3] . Now we follow another way in our work -the substitution of chromium atoms in a regular lattice by the titanium atoms with a higher valence [4] . Mn x TiSe 2 intercalate for x<0.2 show the anomalous properties in comparison with most of TM x TiSe 2 . This system exhibits under intercalation an increase in the interlayer spacing, growth of conductivity [5] , and anomalously high (by the order of magnitude) increment of the Pauli contribution to the magnetic susceptibility in comparison with the other intercalated metals [5] . Cu x TiSe 2 exhibit superconducting properties at low concentrations of copper up to 11% at. [7] and also shows CDW transition. So these materials represent different nature of influence of doping on properties of TiSe 2 .
II. RESULTS AND DISCUSSION
Polycrystalline samples of the 1T-TiS 2 , TiSe 2 , TiTe 2 and TM x TiSe 2 (M = Cr, Cu, Mn) were synthesized from elements by the ampoule synthesis method. Single crystals were grown by direct evaporation pre-prepared materials in evacuated quartz tubes. The crystals are thin plates about 2×2×0.05 mm 3 in size. X-ray photoelectron (XPS), resonant (RXPS) and absorption spectra (XAS) were measured with use of the experimental station MUSTANG in the Russian-German laboratory of BESSY II synchrotron and the standard setup of the BACH and CIPO beamline of synchrotron ELETTRA. All measurements were performed at room temperature. To obtain a fresh surface, the crystals were cleaved in a working chamber at a pressure of 1×10 −9 mbar. Atoms of Ti, Cr and Mn are shown to possess the oxidation degree 4+, 3+ and 2+
consequently [3] [4] [5] .
The substitution of titanium atoms by chromium in 1T-TiSe 2 leads to the formation of structural 1T-CrSe 2 fragments whose concentration increases with chromium content [4] .
These fragments inherit the crystal structure of the initial phase of 1T-TiSe 2 and stabilized by extra-titanium between composite layers. The substitution does not affect the state of the chemical bond of titanium, as suggested by the titanium L 2,3 absorption spectra with the shape and energy position identical to those of the spectra for initial 1T-TiSe 2 .
( Table I ). The chromium XAS spectra do not change with chromium content. This results from invariability of the local environment of the chromium atom in the structural CrSe 2
fragments. An intense narrow Cr 3d band near the Fermi energy was detected during the measuring the RXPS of the chromium valence band [8] . Experimentally detected an energy splitting of the Cr 2p 3/2 line (Fig. 2) , about 1 eV, which is caused by the exchange magnetic interaction between the Cr 3d electrons and the core 2p vacancy [3] . identical to that of Ti is observed. These results are confirmed by the atomic multiplet calculations of Ti, Mn XAS and Mn 2p XPS [10] . In the spectrum of Mn 2p XPS [10] , satellites have been registered at a distance of 5 eV from the main lines, which evidences the partly ionic chemical bonding. In XPS of the valence band, on reaching the 2p resonance for Ti, narrow bands localized just below the Fermi level have been detected (Fig. 4) . Note (Fig. 4) . In Cu 3p and Ti 2p RXPS of Cu 0.6 TiSe 2 two narrow peaks with E B =0.1 eV and E B =0.3 eV associated with Cu 3d and Ti 3d bands (Fig. 4) 
